Background and aims Fast-and usual-paced 400-m walking tests are often used to assess physical fitness or function, respectively, though it is not known how performance converges on these tests. This study aims to determine whether performance on the fast-and usualpaced 400-m walks varies based upon age and physical function. Methods Participants (26 men, 38 women aged 70-92) completed a fast-and usual-paced 400-m walk. The Short Physical Performance Battery was used to assess function (score range 0-12). Body mass index and health history were also assessed. Results Finish times for the fast-and usual-paced 400-m walks were 333.3 and 380.3 s, respectively (P \ 0.0001), and highly correlated (r = 0.88, P \ 0.001). Higher functioning participants (SPPB [ 10) had greater differences between tests compared to lower functioning participants (SPPB B 10) (52.9 vs. 26.2 s, P = 0.005), as did younger participants (age \ 80) compared to those age 80 and older (56.8 vs. 32.8 s, P = 0.003). Discussion Older and lower functioning participants had greater convergence on the fast-and usual-paced 400-m walks. Potentially some of these lower functioning and older adults may have already performed at their maximal capacity during the usual-paced walk, while the younger and higher functioning participants were able to walk substantially faster when asked.
Introduction
Over-ground 400-m walking tests are often incorporated into epidemiologic studies of older adults, with fast-paced 400-m walking tests often used to assess aerobic fitness [1] , while usual-paced versions are primarily used to assess mobility [2] . The most commonly used fast-paced 400-m walk protocol is the Long Distance Corridor Walk (LDCW) [3] which has been validated against peak oxygen consumption [1] , and is a field testing alternative to maximal exercise testing performed in a laboratory with costly equipment and specially trained staff. LDCW performance is independently associated with the development of cardiovascular disease, mobility limitations, mobility disability and mortality in older adults [4] . The usual-paced 400-m walking test evolved as an objective version of the selfreported function question of whether participants have difficulty walking mile and is used to assess mobility limitation in older adults [5] . Compared to self-reported function, it is less prone to ceiling effects in high-functioning older adults [6] . Usual-paced 400-m walks have been incorporated into studies of older adults and as the primary outcome of The LIFE study randomized clinical trial [7] .
The choice of test is usually decided based on the outcome of interest-fitness or physical function. In some epidemiologic studies, particularly physical activity intervention trials of older adults, both fitness and function may be of interest. However, it is unlikely due to time restraints, practicality, and participant burden that both walking tests would be administered in one study protocol. Further, with increasing frailty and age, even usual-paced walking becomes more challenging to older adults and potentially could be tapping into maximal capacity. Therefore, it is important to examine how performance on both a fast-and usual-paced walking test compare with each other, and whether these tests actually differ for older adults based on their age and functional capacity. Understanding the convergence between the fast-and usual-paced over-ground walks can lead to more informed decisions when choosing the optimal 400-m walk test for new study protocols.
Thus, the purpose of this study was to determine the correlation and agreement in performance for fast-versus usual-paced 400-m walking tests for older adults, and compare performance based upon age and physical function. We hypothesized that completion time on the fastand usual-paced 400-m walk would be positively correlated, with greater convergence between the two for older and lower functioning participants.
Methods

Study design and participants
Community-dwelling older adults (age 70? years) from the Pittsburgh area were recruited using the Pittsburgh Claude D. Pepper Older Americans Independence Center Research Registry for the Developmental Epidemiologic Cohort Study (DECOS) conducted at the University of Pittsburgh. Recruitment letters were mailed to 430 registry members across a range of self-reported function. There were 136 individuals who responded and were telephone screened for eligibility. Exclusion criteria included any self-reported health contraindication to physical testing and the inability to perform basic mobility tasks (e.g., severe pain, aching, or stiffness while walking). A total of 97 individuals were eligible, with 68 participants enrolling into the study, 14 cancelled before Visit 1, one refused to sign consent, and 14 remained on a waiting list because the study was full. The other 39 individuals who contacted us were either ineligible (n = 22) or refused screening once the study was explained (n = 17). Participants had two clinic visits scheduled 8-14 days apart, and 64 completed both visits. Of those 64 participants, five were unable to complete the fast-paced 400-m walk. All of the participants who completed the fast-paced 400-m walk (n = 59) also completed the usual-paced 400-m walking test. One did not attempt the usual-paced 400-m walk due to safety concerns and one attempted, but was unable to finish the entire usual-paced 400-m walk.
The University of Pittsburgh Institutional Review Board approved this study and all participants provided written informed consent prior to participation. Participants were excluded if they had a Modified Mini-Mental State Exam [8] score of \80, which was administered at the beginning of the first visit.
400-m walk protocols
At the first clinic visit, participants completed a fast-paced 400-m walk administered by trained and certified staff. The course was in a dedicated long hallway with traffic cones on both ends spaced 20-m apart. Participants wore a heart rate monitor (Polar Chest Transmitter, Warminster, PA) for safety purposes and for monitoring relative exertion.
The test had two parts: an 80-m warm-up at usual pace (2 laps) and a 400-m test (ten laps) at a fast pace. Participants were excluded for resting heart rate [110 or \40 beats per minute, or if they had systolic blood pressure [200 mmHg or diastolic blood pressure [110 mmHg. Time to complete the warm-up was recorded in seconds. For the fast-paced 400-m walk, participants were told to walk as quickly as possible without running at a pace they could maintain for ten laps. Completion times were recorded at the end of the fast-paced 400-m walk and each individual lap. Perceived exertion was recorded using the Borg Rating of Perceived Exertion (RPE) Scale (possible responses from 6 to 20, with higher responses indicating greater perceived exertion) [9] . RPE was recorded after lap 4 and at walk completion. A test was stopped if heart rate surpassed 170 beats per minute, or if the participant reported lightheadedness, dizziness, chest pain, shortness of breath, leg pain, or at their request.
The usual-paced 400-m walk was administered during the second clinic visit. This test was administered identically to the fast-paced 400-m walk, with the exception that participants were instructed to walk at their usual, normal pace during the 400-m walk portion.
Physical function
Physical function was assessed using the Short Physical Performance Battery (SPPB) and included standing balance, chair stands, and a 6-m usual-paced walk [10] . Each component had a possible score of 0-4. Total SPPB scores ranged from 0 to 12, with higher scores indicating better physical function.
Other measures
Age, sex, race, self-reported health (excellent, very good, good, fair, or poor), self-reported ease of walking mile (very easy, somewhat easy, not that easy, or indicating any difficulty), and education were included as covariates. Body mass index (BMI) was calculated in weight in kilograms per squared height in meters using a stadiometer and a standard physician's balance scale.
Statistical analyses
Participant characteristics were reported using means and standard deviations for categorical variables, and proportions for continuous variables. A Pearson's correlation coefficient was calculated for completion times between the two 400-m walks. Agreement between the two 400-m walks was illustrated using a Bland-Altman plot [11] . The difference in completion times was calculated by subtracting the fast-paced 400-m walk completion time from the usual-paced 400-m walk completion time. Completion time, time to complete the second and ninth laps, rating of perceived exertion, and performance deterioration (slowing between laps 2 and 9) [12] were compared for the fast-and usual-paced walk using paired t tests. Fast-and usual-paced 400-m walk completion times and the time difference between tests (usual walk completion time-fast walk completion time) were also compared with t tests between those age \80 and those C80, and between those with higher [10 and lower B10 SPPB score. Linear regression models were used to determine predictors of the time difference between tests, and factors reaching significance at P \ 0.10 were included in the multivariable model. Analyses were performed using STATA version 12.1 [13] (STATA Corp, College Station, TX).
Results
Demographic characteristics of the DECOS participants who completed both 400-m walks can be found in Table 1 . Participants (n = 59) were mean ± standard deviation 78.4 ± 5.8 years old (range 70-92 years); 58 % were women, and the majority of the participants were white (91.5 %) and college educated (83.1 %). Mean BMI was 26.6 ± 3.8 kg/m 2 , approximately half of the participants 10.6 ± 1.4 were former smokers, and nearly a third reported being in excellent health. The cohort was generally high functioning with a mean SPPB score of 10.6 (range 4-12). The majority of participants indicated that they had the ability to walk a quarter of a mile without difficulty (94.9 %), and that walking mile was ''very easy'' (61.0 %). There were no significant differences in age, sex, or race between those who completed both 400-m walks (n = 59) versus non-completers (n = 5), though participants who did not complete both 400-m walking tests had lower mean SPPB scores than those who completed both (8.0 vs. 10.7, P \ 0.001) (data not shown).
Average completion times for the fast-and usual-paced 400-m walks were 333.3 and 380.3 s, respectively (P \ 0.001) ( Table 2) . Completion times for these tests were highly correlated, r = 0.88 (P \ 0.001). The range of times for the fast-paced 400-m walk (221.3-566.0 s) was wider than the usual-paced 400-m walk (264.6-557.9 s) (Fig. 1) . There was no difference in completion time for the warm-up between the fast-and usual-paced 400-m walks (Table 2) . Participants walked faster during the fastpaced walk during laps 2 and 9, and also had higher RPE for the fast-paced walk after lap 4 and at completion of the test compared to the usual-paced walk (P \ 0.001 for all). Overall, slowing between laps 2 and 9 was similar for the fast-and usual-paced 400-m walks.
Performance parameters for the fast-and usual-paced 400-m walks were stratified by age (\80 and C80 years) and physical function (SPPB score: [10 vs. B10) and can be found in Table 3 . Younger participants (age \ 80) walked faster on the fast-paced 400-m walk and had a greater time difference between tests compared to those age 80 and older (56.9 vs. 32.8 s, P = 0.003). The highest functioning participants (SPPB B 10) walked faster on the fast-paced 400-m walk compared to lower functioning participants (SPPB B 10). Also on the fast-paced walk, lower functioning participants had greater slowing between laps 2 and 9 compared to the higher functioning participants. Higher functioning participants walked faster on the usual-paced 400-m walk and also during the warm-up laps compared to lower functioning participants. Higher functioning participants completed the fast-paced walk on average 53.6 s faster than the usual-paced walk, while lower functioning participants only completed the fastpaced walk on average 35.1 s faster than the usual-paced walk. Age and performance battery score predicted completion time difference (age: b = -2.5, P \ 0.001; SPPB score b = 7.8, P = 0.006), yet only age remained significant in the final multivariable model. The Bland-Altman Plot (Fig. 2) displays the agreement between the fast-and usual-paced 400-m walks by average completion time stratified by age. The mean difference was 47.0 s, indicating finish times were consistently faster for the fast-paced walk. However, in general, participants age 80 and older tended to have slower average completion times and had a smaller time difference between testsindicating greater convergence and better agreement in completion time-compared to participants younger than age 80. Average completion times and completion time differences were negatively correlated, (r = -0.33, P = 0.01) indicating that those with slower average completion times had a smaller time difference between the two 400-m walks. Although the majority of participants completed the fast-paced walk more quickly, four participants walked faster during the usual-paced walk. These participants were older (88.5 vs. 77.7 years, P \ 0.001), and were lower functioning (SPPB score 8.8 vs. 10.7, P = 0.007) than the rest of the participants. When stratifying by higher and lower physical function (SPPB score: [10 vs. B10), a similar relationship was found; those who were lower functioning had slower average completion times and a smaller time difference between tests compared to higher functioning participants (data not shown).
Discussion
As expected, most participants had faster completion times for the fast-paced 400-m walk compared to the usual-paced 400-m. Overall, the tests were highly correlated, but not in agreement. Younger and higher functioning participants had greater differences in performance between tests, though older age was the only factor that remained independently associated in the multivariable model, likely due to its moderate correlation (r = -0.49, P \ 0.001) with physical function. Essentially, those with larger time differences had the ability to walk faster than their usual walking pace, while others were already walking as fast as they could or slowed during the fast-paced 400-m walk. The completion time differences between the fast-and usual-paced 400-m walks converged for older and poorer functioning older adults.
In general, the lowest functioning participants (n = 5) were unable to complete the fast-paced 400-m walk, and two of these participants did not complete the usual-paced walk either. Although this was only a small subset of this study cohort, non-completion could have larger implications for studies with older, frailer adults, and should be considered during study design. Therefore, if estimating fitness is of interest, the fast-paced 400-m walk may be inappropriate for very old and low-functioning participants, and a fitness survey or another objective measure may be needed to obtain an estimate of aerobic fitness.
Fatigue may be an alternate explanation as to why four participants walked faster on the usual-paced than the fastpaced 400-m walk. Instead of walking consistently at a fast pace, these participants may have started quickly during the fast-paced 400-m walk, but then slowed due to fatigue. This notion is supported by the fact that these participants slowed down between laps 2 and 9 to self-pace to finish the task. The work by Simonsick and colleagues has shown that mobility intact older adults who slowed during a fastpaced 400-m walk (i.e., performance deterioration) were also more likely to report symptoms of fatigue [12] . When an individual works close to maximal aerobic capacity, they must adapt their behavior to spare energy [14] . Careful examination of slowing patterns may explain performance deterioration during these walks. Strengths of this study included having participants complete the two walks separated by at least 8 days to avoid excessive fatigue. Due to the ever changing health and energy status of older adults, any resulting differences could be a result of the participants' general health or feelings on a particular day. We found that the warmup times were comparable at the beginning of each walk at the two different clinic visits, thus concluding that energy status leading up to each of the 400-m walks was similar.
Some limitations of this work should be noted. Participants in this study were generally well-functioning and in good health, limiting our generalizability. However, since the goal was to compare the completion times between 400-m walks, a higher functioning population was needed to obtain a sufficient number of completed tests, particularly for the fast-paced 400-m walk. We also did not examine a large number of chronic conditions in detail. However, age may be a proxy for a higher number of comorbid conditions.
Fast-and usual-paced 400-m walks are important for assessing aerobic fitness and function, respectively, in epidemiologic studies of older adults. In this cohort, completion times on these tests were highly correlated, but not in high agreement, except for the oldest and lowest functioning participants. Future work of measuring maximal aerobic capacity with a portable oxygen consumption machine during both of these walks would inform us as to whether the usual-paced 400-m test represents a maximal effort for older, frailer adults. Choice of walking test in epidemiologic studies should consider the age and functional capacity of the population as well as whether function or fitness is of interest.
